Specimen X X IV .
T he " Je n a " glass is essentially a borosilicate of zinc, soda, and m agnesia, co n tain in g 20SiO 2 )2ZnO ,2M gO ,3N a2 O ,2B 2 O8. O n a form er occasion a p a p e r w as com m unicated to th e R oyal ociety* containing an account of some m easurem ents of th e m ag n etic contraction of a nickel w ire, an d a com parison of th ese w ith th e values deduced from K irchhoff's theory. I t w as th e re show n j th a t th e m ost im p o rtan t te rm in th e calcu lated value o f th e elonga-j it t )-zt/ tv\ w *re °f soft m agnetic m etal is represented b y l 2 ± l(S i/^P ), w here H is th e m agnetising field an d SI the increase of] Dmgnetisation produced by a small increase of lo ngitudinal tension 1 . ' area" T he results show ed th a t th e observed contraction 1 m nickel was m uch g re ater th a n th e calculated value. I t was th e n ! soug t to establish an em pirical equation w hich m ig h t represent th e 1 o serve e ects, and i t w as found th a t th e difference betw een t h e ] o serve an calculated contraction w as approxim ately proportional I to th e fo u rth pow er of the m agnetisation.
I t was suggested to me a t th e tim e th a t this re su lt should be ] 6j 6 j . r f peatin° experim ents u n d er different conditions in ] order to find o ut w hether it was genei-ally tru e .
In offering th e following results, I wish again to say th a t the m easurem ents were made in the Physical L aboratory of the U niver sity College of N o rth W ales, and th a t I am greatly indebted to Professor A. G ray for providing me w ith th e apparatus, and allow ing me th e time necessary for the experim ents, and for m any valuable suggestions.
P relim in ary experim ents were first made to find the n ature of the influence of tem p eratu re on th e m agnetic contraction. The appa ratu s was essentially the same as described in th e form er paper, w ith the addition of a spiral tube and burner for heating the w ater ju s t before it entered the coil. The tem perature of the w ater on entering and leaving th e coil was indicated by two therm om eters inserted in capsules th ro u gh w hich th e w ater flowed. W hen the w ater was warm ed and allowed to flow for some time, th e two therm om eters indicated steady tem peratures differing generally by about 2° C.
The change of length was m agnified by' th e same lever arrange m ent as before, and observed by a telescope, scale, and m irror. A few trials showed th at it would be im possible to m ake any m easure ments when the w ater was warm ed unless precautions were taken to remove air dissolved in th e w ater, for this, on being liberated in the heater, ascended in bubbles through the coil and disturbed the appa ratus so m uch th a t no readings could be taken. To prevent this, the w ater was made to flow into a vessel through a pipe near the top, and escape by a pipe near the bottom , whence it proceeded to the spii'al heater. A tall glass tube projected upw ards from the vessel, and the vessel w'as heated by a Bunsen flame. The dissolved gases were thus liberated in this vessel, and, collecting at the top, escaped at intervals up the glass tube. By th is means the apparatus was rendered steady enough to adm it of readings a t moderately high tem peratures. F u rth er, by regulating the supply the w ater could be made to stand at any level in the glass tube.
Thus the flow of w ater through the coil, and hence the tem perature of the coil could be controlled.
The glass tube was about 6 feet long, and by raising the level of w ater in it through 1 foot the temperatui*e of the coil was lowered by about 1° C.
Observations of the change of length were always made a t night, generally between 10 p.m. and 2 a.m., the apparatus never being ; sufficiently steady in the daytime.
The nickel wire was th e same as th a t used in the form er experi ments, of length 83'4 cm. between the term inal brass pieces, and mean diam eter T65 mm. This was re-annealed before the present measurements.
A num ber of observations were then m ads of the change of length On the Magnetic Deformation o f Nickel. a n d corresponding field s tre n g th on several n ig h ts in J u ly an d A u g u s t,; 1897, th e te m p e ra tu re in d icated by th e coil th erm o m eters being ab o u t 20° 0 . A s before, th e te m p o ra ry a n d resid u al contractions w ere m easured separately, th e to ta l co n tractio n corresponding to any field stre n g th b ein g obtained as th e sum of th e te m p o ra ry effect (observed as an elongation w hen th e c u rre n t w as b ro k e n ), and the resid u al effect observed b y first d em ag n e tisin g th e w ire b y re v e rsa ls,: th en quick ly m ak in g an d b re a k in g th e c u rre n t. I t w as found th a t th e curves th u s o b tained w ere n o t th e sam e on different n ig h ts, b u t show ed a co n tin u al d im in u tio n of co n tractio n as tim e w ent on. T his is probably due to a slow h a rd e n in g of th e m etal w hich seems to go on for some tim e a fte r th e w ire has been annealed. T he effect of j th is change ca n be seen by co m p arin g Tables I (colum n 2) a n d I I I (colum n 4 ), w h ich co n tain values of th e co n tra ctio n of th e w ire in m illionths of its le n g th fo r a series of fields, observed ab o u t th e | i m iddle of A u g u st, 1897, a n d a t th e en d of D ecem ber, 1897, respec-j j tively.* T h e w ire w as annealed on J u ly 3, 1897. I n o rd e r to observe th e effect of a change of te m p e ra tu re on th e | m agnetic co n tractio n a t any field s tre n g th it was necessary to tak e readings a t tw o tem p eratu res im m ediately a fte r one another, so t h a t th e re su lts w ould n ot be affected b y th e above-m entioned tim e effect* T h is w as done on several n ig h ts and w ith several field stre n g th s, th e tw o te m p e ra tu re s used bein g about 20° C. an d 55° C. T he resu lts show ed th a t a t low fields (up to ab o u t 90 C .G .S .) th is rise of tem p era tu re of 35° C. cau sed an in crease, a t h ig h e r fields a dim inution, of co n tra c tio n ; an d if th e tem p eratu re w as th e n low ered back to 20° OB th e co n tractio n re tu rn e d to its form er value.
Table I co n tain s values of th e change of le n g th in m illionths and corresponding field stre n g th a t th e tw o tem p eratu res, d eterm in ed on tw o successive n ig h ts, the effect a t b o th tem p eratu res being observed a t th e low er fields on one n ig h t, and a t th e h ig h e r fields on th e next, j E ach field was rev ersed several tim es before re ad in g s w ere tak en ,! an d th e w ire was dem agnetised on each n ig h t w hile th e tempera-® tu re was^ b ein g changed. T he curves rep resen tin g these results® (contraction, field) have th e sam e g en eral form as w as described in i th e fo rm er p ap er, b u t th e tem porary contraction is h ere considerably! greater, th o u g h th e residual contraction is m uch th e sam e as before.® T he effect of ^ tem p eratu re is chiefly seen in th e tem porary eontrac-!| t i o n . th e resid u al effect, however, appears to be slig h tly less a t theSj h ig h e r tem p eratu re a t all fields.
O n re fe rrin g to Professor E w in g 's ' M agnetic In d u c tio n in Iron® and o th er M e ta ls ' ( § 114, p. 169), I find th a t rise of te m p e ra tu re } causes increase of m agnetisation in nickel a t low fields and dim inu*« te " p eratu res on th e two occasions differed by a b o u t 10® C., b u t th e effect® ox tin s w ould be comparatively sm all.
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ion a t hig h fields. Change of tem perature, therefore, seems to have im ilar effects on th e m agnetisation and contraction curves. Of :ourse this com paratively sm all difference of tem perature, 35° C., vould have b u t a small effect on th e m agnetisation curve, b u t as th e ■ontraction seems to depend on ra th e r high powers of the m agnetisaion, it m ight be expected th a t the effect would be more noticeable n th e change of length th an in the m agnetisation. M easurem ents were next made of the m agnetisation and the effect of change of tension on th e m agnetisation, in order to calculate th e quantity O'123 0'00587 1011 ' "* 10* el ap ( i ) , which was shown in th e form er paper to be the value of th e elongation, Sl/l,of the wire deduced from K irchhoff's theory. F o these m easurem ents a coil of 611 tu rn s of No. 40 double silk-covered and shellacked copper wire was w ound cn the nickel wire near the middle, and connected in series w ith a ballistic galvanom eter, and w ith th e secondary of a standardising solenoid. The m agnetisation was determ ined by reversing a m easured m agnetising current, and the galvanom eter standardised by reversing a cu rren t in the solenoid, th e deflections being observed in th e two cases. The galvanom eter was standardised before and after each set of readings.
Since th e resistance in circu it w ith th e galvanom eter changed when the tem perature of the coil on th e nickel wire changed, care was taken th a t the tem perature indicated by the coil therm om eters was the same in the m agnetisation and standardising experim ents. By using a series of different currents in th e Standardising coil, it was verified th a t the " q u antity of electricity " flowing through the galvanometer was proportional to the sine of half the deflection of the needle. The deflections were observed by a telescope and scale a t a distance of 124 cm.
In observing the influence of tension on m agnetisation, galvano m eter readings were tak en first w ith a load of 1'4 kg. on the wire, then afte r an additional w eight of 7 kg. was applied. The m ag netising cu rren t was reversed several tim es and the load ap plied and removed several times before readings were taken. This v was repeated for various field strengths, ranging between 30 and if 320 C.G.S., and with the coil at 10° 0. and 55° C. Then the m ag netisation curve of increasing reversals was determined for the mean load 4'9 kg. at both tem peratures, after which the coil was > ' removed from the nickel wire, and observations made w ith load ! 4'9 kg., and at the same two tem peratures, of the magnetic contrac ts tion a t a num ber of increasing field strengths, each field being i reversed several times before readings were taken.
I n o rd e r to m ak e allow ance fo r th e slow tim e -c h a n g e in th e pro-1 p e rtie s of th e w ire, th e d e te rm in a tio n s of m a g n e tisa tio n a n d effect! of ch an g e of te n sio n on m a g n e tisa tio n w ere th e n re p eated , th e I n ic k e l w ire b e in g re w o u n d w ith th e sam e n u m b e r of tu rn s of in su -| la te d co p p er w ire.
F in a lly , th e c o n tra c tio n of th e w ire w as once m ore d e te rm in e d a t I th e te m p e ra tu re 10° C.
V alu es of th e ex p ressio n (1 ) w ere c a lc u la te d fro m b o th se ts of I m ag n e tisa tio n o b serv atio n s, a n d th e m e a n o f th e tw o se ts co m p ared I w ith th e a c tu a l c o n tra c tio n o b serv ed b etw e en th e m .
T h e re s u lts a re show n in T ables I I , I I I , IV , V , V I, in w h ic h values of all th e q u a n titie s (o b tain e d fro m th e c o rre sp o n d in g cu rv es) a re g iv en fo r th e sam e se t of field s tre n g th s .
I n T ab les IT, IV , th e first co lu m n c o n ta in s v alu es of th e field'! s tre n g th H , th e second th e m a g n e tisa tio n I a t load 4 '9 kg., th e th ir d * th e ch an g e of m a g n e tisa tio n £1 a c co m p an y in g a n in cre ase of lo a d ) of 7 k g ., th e fo u rth th e co rresp o n d in g v alu es of ex p ressio n (1 ), th e ca lc u lated v alu e of Sl/l. T h e n u m b e rs i a n d fo u rth colum ns w ere d e te rm in e d in N ovem ber, 1897. T he f i f t h , ! s ix th , a n d se v e n th co lu m ns c o n ta in v alu es of I, S i, a n d d e te r -1 m in ed in Ja n u a ry , 1898.
T ables I I I a n d V co n tain v a lu e s of th e field, th e m ean v alu es of I § a n d S l j lca lc u la te d from T ab les I I a n d IV , th e a c tu a l ch a n g e o f ! le n g th a in m illio n th s^o b se rv e d a b o u t th e end of D ecem ber, 1 8 9 7 ,1 a n d th e difference (a Sl/V) betw een th e o b serv ed elon g atio n s.
F in a lly , in T able V I a re g iven th e v alu es of I a n d Sljl, m easu red in J a n u a ry ; th e m ean a of th e a c tu a l ch a n g es of le n g th observed in D ecem b er a n d in J a n u a ry , th e la tte r b e in g d eterm in e d a f te r th e second se t o f m a g n e tisa tio n m e a su re m e n ts; a n d th e difference, ( a ^/0 > re p re s e n tin g th e co rrected elo n g atio n a t th e tim e w hen th e second set of m easu rem en ts of I an d SI/S'P w as m ade.
T ables I I a n d I V show th e n a tu re of th e slow tim e -ch a n g e in th e m a g n e tic b eh a v io u r of^ th e n ic k e l w ire, th e m a g n e tisa tio n a t a n y field a n d lo ad b ein g less in J a n u a ry th a n in N ovem ber.
T he effect of th is change on SI/SP is very m a rk e d a t low fields, OD® S1® t a t h ig h e r fields; SI/SP a p p e a rs to d im in ish ra p id ly a t OW e f ' as ^m e Soes o n * T h is is rem ark ab le, because th e m ag n etic co n tra ctio n a t low fields seem ed to change b u t slow ly w ith tim e, a n d m o re ra p id ly a t h ig h e r fields. w ck an g e of le n g th observed in J a n u a r y w as n e a rly th e sam e as m D ecem ber (a b o u t fo u r w eeks e a rlie r). A t m ed iu m fields i t was r a e r g re a te r, b u t th is m ay be due to a s lig h t a n n e alin g caused b y th e rep eated w a rm in g a n d cooling d u rin g th e d e term in a tio n s of th e m ag n e tisa tio n ea rlier in Ja n u a ry .
A comparison of Tables I I and IY , or I I I and V, shows again the i n atu re of the influence of tem perature on m agnetisation and contrac tion, b u t as th e m easurem ents a t the two tem peratures were not made quite at th e sam e time, th e results probably do not accurately represent this influence.
If th e resu lts given here are compared w ith those given in the form er paper, it will be seen th a t the m agnetic contraction at any field observed in December, 1897 (Table I I I ) , is practically identical with the form er value, b u t th a t th e m agnetisation curve is very different from th e form er one. The present m agnetisation is m uch g reater at low and m edium fields, b u t about the same as before at higher fields. F u rth er, the calculated value of th e contraction is, especially at medium and high fields, considerably less th an before. Hence th e " co rrected " contraction -(a -Bljl) cannot now be th e same function of the m agnetisation as before; it is, in fact, now m uch more nearly proportional to I 6, as th e last two columns of Tables III,  Y , and Y I show.
I t is impossible to say how m uch th is discrepancy is due to the slow change w hich appears to be always going on in th e m agnetic properties of th e nickel wire. In the form er experim ents the mag netisation was determ ined first, and a short tim e after the elongation was observed, but no allowance was made for any change of m agnet isation which m ight have taken place in the meantim e. Still, it is improbable th a t th a t would entirely account for the discrepancy.
Some of the above results are shown graphically in figs. 1, 2, 3. In fig. 1 the difference of ordinates of the highest and lowest curves for any value of th e field H represents the effect on the m agnetisa tion of changing th e load from 1*4 kg. to 8'4 kg., after th e additional load of 7 kg. has been applied and removed, and the field reversed, several times. The interm ediate curve is the m agnetisation curve of increasing reversals for th e m ean load 4 '9 kg. These curves were determ ined in January, 1898.
In fig. 2 the curves represent, as functions of the field, the observed contraction (December, 1897), th e calculated contraction (mean of f November, 1897, and January, 1898), and the corrected contraction, I i.e., the difference between th e observed and calculated contractions,
The calculated contractions of November and January are repre sented by the points + + + . . and ©©©.. respectively. The o observed contraction curve is practically the same as th at given in | the form er paper, but th e calculated and corrected curves show -considerable differences.
In fig. 3 the points m arked + -j-+ . . represent the corrected con-| traction as a function of I 6 (Table I I I ) , and these points lie nearly on a straig h t line through the origin. The tem perature during all the experiments represented by these curves was 10° C. T a b le I I .
T e m p e ra tu re 10° 0 . L oad = 4*9 kg. £P x S ectio n of W ire = 7 kg.
H.C.G.S.
November, 1897. Ja n u a ry , 1898.
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